The reforming of short-chained hydrocarbons up to gasoline is a well-engineered process. Reforming Diesel fuel is more difficult due to the multiplicity of long-chained hydrocarbons and different components. However, the automotive market segment for Diesel vehicles is very promising for applications like auxiliary power units. Due to decreasing sulfur contents in Diesel fuels, the usage of catalytic reforming processes becomes more feasible. Commonly favored gas process technologies are the steam or autothermal reforming processes. Applications with PEM fuel cells require a complex gas cleanup system. Hence the overall size of this system tends to be rather big. Applying an autothermal reforming process is almost state of the art, although the influence of fuel composition and additization is not well described.
INTRODUCTION
Using a pressurized steam-reforming process offers a significant reduction of the whole system size by efficiently compressing the liquid educts. Another advantage of the steam-reforming process can be seen in the high hydrogen yield. Diesel steam reformers are not available at the moment and still have to be developed. Since the technology of using pressurized steam reforming in fuel cell systems is still in the research stage, the primary aim of this work was a feasibility study. One of the main problems is the steam-fuel mixture preparation and, because of the strong endothermic reactions of the reforming process, the heat supply into the catalyst. On the basis of this problem, soot formation can be caused (Berry, 2003; Hansen, 2004) . For conducting the experiments, a suitable reactor concept has to be found. The reforming process was evaluated by varying certain parameters.
EXPERIMENTAL PROCEDURES AND METHODS
To investigate the impact of fuel composition in the experiments, conventional Diesel was analyzed (Fig. 1) . Diesel fuel basically consists of aromatics, naphthenes, and paraffins as well as minorities and additives (not shown in Fig.  1 ). Hence an aromatic, sulfur-and additive-free reference fuel was selected (Fig.  1) . For the execution of the experiments, 1-benzothiophene was mixed into the reference fuel as a representative sulfur component. Additives and a 100% aromatic fuel were chosen and mixed to get the desired concentration of those Diesel fuel substances. In the experiments the autothermal reforming (ATR) system was always started with the reference fuel. In stationary operation the feed was changed to the fuel mixture containing the required components. The used test rig and vaporizing technology are already described by Hartmann et al. (2003a, b, c) and Lucka et al. (2003) .
For the experiments on the steam reformer the test rig given in Figure 2 was designed. The main components are the liquid desulfurization unit for Diesel fuel operation, the mixture preparation, the mixture superheater, and the steam reformer. The tubular reactors were equipped with heating systems to provide the required temperatures. Using a pressure control valve, the whole reactor can be pressurized. For the desulfurization an adsorbent was used. The Diesel fuel was continuously desulfurized at a temperature of ϑ = 200 o C and at a pressure of p = 3 bar.
In the mixture generator the Diesel fuel was vaporized using a heated surface. Afterward, the Diesel fuel and preheated steam were mixed at temperatures of 400 o C. The mixture preparation was designed for a power range of P = 1-6 kW.
During the experiments, several parameters, such as steam-to-carbon ratio, reformer inlet temperature, catalysts, and fuels, were varied. While running the process, a continuous product gas measurement was taken. equipped with several thermocouples. Three of them are moveable to measure the temperature profile of the catalyst.
RESULTS OF AUTOTHERMAL DIESEL REFORMING (ATR)
To compare the results of the sensitivity analysis with conventional Diesel fuel, corresponding experiments were carried out. Figure 3 demonstrates the results of the measured product gas concentration. 
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FIGURE 3 Measured dry product gas concentration and air ratio with respect to the run time: gray background, Diesel fuel with standard additives and sulfur content ξs = 9 ppm; white background, sulfur-free reference fuel, P = 5.1 kW, steam-to-carbon ratio (SCR) = 2.7, λ = 0.30.
After an initial time of about 25 hours, the process was switched into Diesel operating conditions. The abrupt drop of the hydrogen yield and the rise of the carbon monoxide concentration after the process was switched to Diesel operating conditions cannot be explained by a changing of the equilibrium composition. Concerning the temperature, a continuous increase of the difference between the catalyst inlet and outlet temperature was observed. The experiment was stopped after the catalyst inlet temperature reached 900 o C. During the Diesel operating conditions a permanent degradation of the reforming process can be seen. The increase of the methane concentration is a distinct indication of the decrease of the reforming performance. Figure 4 shows the product gas concentration in dependence on the fuel aromatic content. A significant influence of the aromatics on the product gas yield can be seen. The hydrogen yield decreases, and a shifting of the CO/CO 2 equilibrium can be seen with higher aromatic content. Simultaneously with the decreasing hydrogen yield, an increase of the methane concentration can be seen as a consequence of the degradation of the reforming quality. arom atic content in wt.-% gas com ponent FIGURE 4 Measured dry product gas concentration with respect to the aromatic content, reference fuel plus aromatics, P = 4.3 kW, SCR = 2.0, λ = 0.34.
Influence of Aromatic Content on ATR Performance

Influence of Sulfur Content on ATR Performance
A long-term experiment with a sulfur-enriched reference fuel is presented in Figure 5 . The measurement was done in three sections, each with sulfur-enriched and a sulfur-free part. Directly after starting the sulfurous operating conditions with ξ s = 50 ppm, an abrupt drop of the hydrogen yield as well as a rise of the carbon monoxide concentration is observed. The sulfur deactivates directly the water gas shift reaction activity of the catalyst (Umicore AG, Aachen, Germany, personal communication, 2004) . A continuous degradation over the period of sulfur exposure can also be seen in Figure 4 . Sulfur-free conditions led to a regeneration of the catalyst performance, however, an entire regeneration cannot be reached. This all indicates the loss of the reforming quality. Another indication is the decrease of the sum of both relevant product gases hydrogen and carbon monoxide. Accordingly, the catalyst's degradation seems to be irreversible. The unsteady behavior of the air ratio is due to plant component failure. The reformer's inlet and outlet temperatures have a difference of ∆ϑ = 10 K using the reference fuel. Under sulfur conditions the temperature difference of ∆ϑ = 80 K occurs instantly. The temperature difference remains even after changing to sulfur-free fuel. Irreversible effects must have occurred.
In other experiments not presented here, with the reference fuel and a sulfur content of ξ s = 10 ppm, the effect concerning the shift of H 2 and CO concentrations is reduced for an operation time of 600 hours. The detected irreversible ef- FIGURE 5 Measured dry product gas concentration and air ratio with respect to the run time: gray background, reference fuel with sulfur content ξs = 50 ppm; white background, sulfur-free reference fuel, P = 5.7 kW, SCR = 2.4, λ = 0.33. fects are marginal. Therefore Diesel fuel with a sulfur content of ξ s < 10 ppm seems to be less critical.
Influence of Additives on ATR Performance
After a short initial time with the reference fuel selected, additives were dosed. The selected additives were anticorrosives with ξ c = 50 ppm, antioxidants with ξ o = 500 ppm, and a defoamer with ξ d = 50 ppm. These three main additive components are supposed to cause the most harm to the reforming catalyst (Umicore AG, personal communication, 2004). The measurements in Figure 6 show a minimal degradation of the hydrogen yield over a period of 70 hours. Also noticeable is the increase in the carbon monoxide concentration during additive operating conditions. This can be a possible effect of the water gas shift reaction deactivation. One further effect is the spreading difference of both reformer temperatures after the initial phase. Additives also have an effect on catalyst reforming activity. Long-term experiments with realistic additive proportions are necessary.
RESULTS OF STEAM REFORMING
Variation of Steam-to-Carbon Ratio
For these experiments, a reference fuel was used. Every experiment with a different steam-to-carbon ratio (SCR) had a run time of about 10 hours. In the pre- Figure 7 shows the measured gas concentrations and the process temperatures. The hydrogen concentration reaches over 70%. The temperatures processin and processmid are smaller than the temperature process out due to the endothermic reactions and the overheating of the products near the outlet of the reformer.
Whereas the variation of the SCR has a marginal influence on the hydrogen yield, the CO and CO 2 concentrations are clearly influenced. This is noticeable by the increase in carbon monoxide and the decrease in carbon dioxide concentrations with lower SCR. A shifting of the water gas reaction occurs. The methane concentration does not change significantly.
Results of Reformer Inlet Temperature Variation
Using a sulfur-free reference fuel and sufficient reformer inlet temperatures of the steam-fuel mixture, the hydrogen yield can reach over 70%. Temperatures below ϑ = 700 o C show a significant influence on the product gas concentrations (Fig.   8 ). The hydrogen yield drops from about 72% down to 61%. Concurrently, the methane concentration rises. The degradation of the whole reforming process caused by low temperatures can also be seen in the performance of the CO/CO 2 concentration. With lower temperatures the carbon dioxide concentration increases, and the carbon monoxide concentration decreases. At temperatures of ϑ = 650C the CO/CO 2 performance is the other way around. Here the oxidation reaction is reduced, but the reforming reaction is still working. Considering the process temperatures below reformer inlet temperatures of ϑ = 700 o C, an abrupt rise of the temperature process mid can be seen. This effect is caused by the strong reduction of the endothermic reforming reactions in the catalyst. The temperature processin, in contrast, is predominantly affected by the incident flow of the hot gas and not by the reforming reactions. Accordingly, an increase in this temperature cannot be seen. The constant decline of the temperature process out points to the oversized catalyst dimension. After the experiments concerning the influence of the reformer inlet temperatures, the following deposits were found in the system (Fig. 9 ): In the superheater, circular deposits can be seen. The superheater was operated at temperatures between 500 and 600 o C. This corresponds with temperatures where thermal decomposition starts. The catalyst shows minimal sedimentation of carbon particles.
Results of Short-Term Tests
In contrast to the results with a reference fuel discussed previously, experiments were carried out with conventional Diesel. In this case the fuel was desulfurized in advance of the mixture preparation unit. A sulfur content less than ξ s < 1 ppm was achieved. Short-term experiments were carried out successfully. But within the short run time, degradations of the catalyst are already noticeable (Fig. 10) . This can be seen in the light increasing methane concentration. Soot depositions similar to those shown in Figure 9 were found after the experiments. Furthermore, heavy deposits can be seen on the catalyst's inlet surface.
CONCLUSION AND OUTLOOK
Experiments with Diesel fuel show a difference of the product gas concentration to the equilibrium calculation. A continuous changing of the catalyst performance is observable during the run time. The sensitivity analysis indicates an influence of higher aromatic and sulfur content on the decrease of the hydrogen yield. Whereas additives only have a small long-term effect on the decrease of the hydrogen concentration, sulfur content, in contrast, has a significant influence on the permanent degradation of the catalyst. A possible reason might be the loss of the shift activity.
Further experiments have to be carried out to distinguish between the effects of different components on the catalyst. More details on the influence of different additives on the ATR process have to be found.
Diesel-like reference fuel can be used successfully in steam-reforming processes. Steam reforming of continuously desulfurized Diesel seems to be promisingly feasible. The results in Diesel steam reforming show the demand on optimization and engineering research concerning educt conditioning and an improvement of the catalyst performance for longer run times.
